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Many years have passed since Flugge first drew attention to the probable
importance, in the transmission of infection by way of the respiratory tract,
of material expelled into air by infected individuals during the acts of
talking, coughing, or sneezing. Infective particles disseminated in this
manner manifest themselves in two forms: the moist state, in which many
of the particles are relatively heavy and settle rather rapidly a short distance
from the point of origin; and the very small particles which dry quickly
and remain suspended in the air for variable periods of time, the so-called
droplet nuclei. The former may rise again into the air in the form of dust
resulting from the disturbance, by one means or another, of the surfaces
upon which they rest. Viability and infectivity of the microbiological agents
contained within the dried material are of variable duration, depending
upon a number of environmental conditions. Distribution is easily promoted
by air currents and the infectious material may travel considerable distances.
Another probable and important mechanism of transmission of infection
of the respiratory tract is by direct contamination of articles of common
use, the handling or use of which may permit infectious material to establish
contact with the upper respiratory tract. A striking example of this is the
heavy contamination by infective agents of such articles as blankets, which,
on being moved or shaken, disperse in the living state large numbers of the
organisms with which they are contaminated.
The chief portal of entry of infectious microorganisms into the human
body has at all times been the respiratory tract. This is readily understand-
able if we bear in mind that this physiological system is continuously open
to all floating matter in the air. That it is partially protected by sticky,
mucous membranes lining tortuous passages, by aggregation of lymphatic
tissue; by ciliary movement along tracheal and bronchial mucosae is true;
but one has only to examine the lungs and regional lymph nodes to discover
how much foreign material penetrates the protective barriers and reaches
the deeper tissues.
Unfortunately, infection of the respiratory apparatus is spread, for the
most part, directly from individual to individual by the necessary and
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tendency of acute infection of the respiratory tract to diminish in incidence
or in the extent of its geographical distribution. If science could bring this
type of infection within the sphere of effective public health control, great
benefit would accrue to humanity. In attempting to solve a problem of so
complex a nature it is necessary to study carefully, patiently, and with a
determination not checked by years of apparently fruitless effort the char-
acter and succession of events which are manifest in outbreaks of the
diseases under discussion. Only by such intensive study will the points of
vulnerability of this most strongly intrenched system of diseases be brought
into the light of human understanding, and perhaps within the scope of
successful attack by the forces of preventive medicine.
Infection of the respiratory tract (leaving out of account uncommon
types) is, in general, due to two different classes of microorganisms, the
filterable viruses and the bacteria. Three important varieties of respiratory
infection are known to be caused by filterable viruses-the common cold, of
which there are probably several kinds, influenza, and primary atypical
pneumonia, commonly called virus pneumonia. Of the bacteria which cause
infection of the respiratory tract the most important are pneumococcus,
hemolytic streptococcus, and, less frequently, Haemophilus influenzae and
Staphylococcus aureus. I shall leave out of account such specific diseases
as measles, whooping cough, and diphtheria and the secondary organisms
which frequently complicate these affections.
Of the filterable viruses, those of the common cold and of influenza cause
primary infection of the upper respiratory tract and that of primary atypical
pneumonia infection of the lungs, though the latter virus may cause
infection of the upper respiratory tract without pulmonary involvement.
Bacterial disease of the respiratory tract manifests itself principally as
infection of the pharynx, tonsils, paranasal sinuses, and lungs. A consider-
able variety of bacterial species serves as the causative agents of these latter
infectious processes. Many of these bacterial infections of the respiratory
tract appear to be primary in character, and without doubt a considerable
number of them are. Taken altogether the agents of respiratory infection
are very numerous and are variable in respect to their biological character-
istics and the location of the disease which they produce.
At this point one may ask whether respiratory disease consists of a
hodge-podge of events, indicating a series of accidental encounters of the
individual with pathogenic microorganisms, or whether there has evolved
within this complex system of diseases a pattern more or less consistent
and representing a series of interdependent relationships each of which is
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important in sustaining the present impregnable position of acute infectious
disease of the respiratory tract. If the latter assumption should prove in
many instances to be a true one, then analysis of the pattern and persever-
ing study of its individual parts may well lead to knowledge that would be
useful in influencing favorably the incidence of respiratory infection as a
whole. Many reliable observations have been made which indicate inter-
dependent bases of activity on the part of certain orders of microorganisms
which cause infection of the respiratory tract.
A helpful generalization in understanding the sequence of events in
respiratory infection is a division of the causative agents into those of a
primary and those of a secondary order, bearing in mind, of course, that
each of these orders may be capable of inducing primary disease of the
respiratory tract unassisted by the other. As a rule, however, it would
seem more commonly to be the case that, in order to produce the complex
picture of respiratory infection, a certain interdependent activity between
the two groups of organisms is necessary. Members of the primary order
would seem to be the etiological agents of the common cold, influenza, and
allied conditions which initiate the pathological process, and members of
the secondary order, the common pathogens of the respiratory tract which
intensify and extend the harmful activity. For a thorough understanding of
the problem of acute respiratory disease the relationship, both in time and
character, of activity of all the agents concerned is essential. The most
important of the primary factors are the causative agents of the common
cold and influenza. I shall leave out of account the virus cause of primary
atypical pneumonia, since this virus produces a primary pneumonitis
generally unassociated with secondary bacterial infection, and the total
extent and variety of its activity has not as yet been determined. The most
important field of investigation at the moment seems to me to be the nature
and mode of action of those viruses which I have designated as the primary
agents of acute respiratory infection.
In a sense the common cold may be considered the keystone of the arch
composing the types of acute respiratory infection under consideration. Its
primary activity and secondary effects are fairly representative of the total
picture of acute respiratory disease. Before taking up the specific etiology
of the common cold a short consideration of some of its epidemiological
aspects is of importance as a background. As everyone knows, this malady
is the disease from which human beings most frequently suffer. It prevails
more or less extensively in all climates, and susceptibility is practically
continuous from infancy to old age. A single attack seems to leave little or
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no immunity against subsequent infection, and its subjects may suffer from
one to six or seven attacks each year. The common cold may be considered
in its simplest form as a rather mild disease of the upper respiratory tract
of from three to five days' duration. This simple form of the infection seems,
however, to be a comparatively rare occurrence since there nearly always
occurs more or less secondary activity on the part of organisms not
responsible for initiation of symptoms. The latter activity manifests itself
as sinusitis, pharyngitis, tracheitis, or bronchitis; or occasionally as inflam-
mation of the middle ear, or pneumonitis of varying severity. The bacteria
participating in these inflammatory processes are the common potential
pathogens, the pneumococcus, streptococcus, staphylococcus, and H. influ-
enzae that at some time during the winter months are usually present in the
upper respiratory tracts even of healthy individuals. Associated activity of
this kind is a notable feature of certain animal diseases, such as canine
distemper and swine influenza, in which the relationship of the primary
viral agent to the secondary bacterial agent has been definitely established.
Such a direct relationship is not so clear-cut in infection of the human
respiratory tract. Nevertheless, there is justification for assuming the
existence of a similar type of associated activity in human infection. The
occurrence of various kinds of suppurative inflammation of the upper
respiratory tract and of lobar and bronchopneumonia as sequels of the
common cold offers convincing evidence of the validity of this assumption.
Consideration of the epidemiology and bacteriology of the common cold
in representative population groups shows well-defined peaks in the curve
of morbidity. These peaks are typically, but not always, three in number
and occur in the early fall, mid-winter, and mid-spring months. The severity
of the disease tends to vary in the different outbreaks, the mid-winter one
usually exihibiting the greatest severity and the largest number of compli-
cating infections. For example, the number of infections sufficiently severe
to cause absenteeism from work is usually much larger during the January
outbreak of colds than during the October outbreak.
A study by Kneeland and Dawes* throws an interesting light on these
phenomena. These investigators kept the infant population of a foundling
home under continuous observation for a number of years in order to study
the character of respiratory infection in such a group and its relationship
to the distribution of the common pathogenic organisms of the upper
respiratory tract. For this purpose frequent cultures were made from the
* Kneeland, Yale, Jr. and Dawes, Caroline F.: J. Exp. M., 1932, 55, 73S.
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nose and throat and, in addition, changes in skin sensitivity to prevailing
pathogens were noted throughout the period of study. A record was also
kept of the number and character of all acute infections of the respiratory
tract.
There occurred the usual cyclic outbreaks of acute upper respiratory
infection. In the early fall the percentage of individuals giving significantly
positive skin reactions to the various bacterial products used was relatively
low, approximately 15 per cent. As the winter progressed, the positive skin
reactions became more frequent and the intensity of the reactions increased
until in the late spring 85 per cent of the group under study gave signifi-
cantly positive skin reactions. This increase in number of positive skin
reactions was interpreted as indicating increasingly frequent and wide-
spread infection with the common pathogens of the respiratory tract. As a
rule, the individuals suffering from the greatest number of infections and
those harboring the organisms in their respiratory tracts for the longest
period of time were found to exhibit the most strongly positive skin
reactions.
The incidence, distribution, and type of pathogenic organism found by
culture varied from time to time. During the preceding year the carrier
rate of pneumococcus rose for a short period of time to the exceedingly
high figure of 95 per cent. Throughout the periods of widespread distribu-
tion of pathogenic organisms, the character of much of the respiratory
disease observed was severe and of the type of grippe, influenza, and
pneumonia. On the other hand, when the distribution of pathogenic organ-
isms was relatively limited the character of the respiratory infection was
mild and of the type of the common cold. A similar situation is believed
to account for the mildness of the common cold in the tropics.
These observations have been presented in some detail since they seem to
represent fairly accurately the annual progress of events in acute infection
of the respiratory tract. From September to May, the period of high
incidence of upper respiratory infection, there occur frequent cycles of the
common cold and related affections. As a result of these outbreaks increas-
ing opportunity is afforded the pathogenic organisms of the respiratory
tract to cause secondary infection. As a sequence of this, distribution among
the population at large is facilitated and virulence perhaps enhanced, a
phenomenon that becomes more and more evident as the year progresses
through the cold winter months into early spring. Though this may be but
a part of the total occurrences involved, the conclusion seems justifiable
that epidemics associated with the severe forms of respiratory infection may
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result from the coincidence of an outbreak of common cold or influenza
with a period of widespread distribution and increased virulence of the well-
recognized pathogenic organisms of the respiratory tract. Such efforts are
well illustrated by the pandemic of influenza in 1918 and by the association
of measles in military establishments with widespread hemolytic strepto-
coccus pneumonia in 1917-18.
For the development of a successful attack upon this complex disease
system from the standpoints of preventive medicine and therapy, several
approaches to the problem are possible. In addition to the facts already
known much new knowledge is required. Pasteur has implied that given the
knowledge of the causative agent of an infectious disease and its means of
communication, control of the disease should be possible. This belief has
proved valid in the prevention of the previously common infections of the
gastro-intestinal tract by means of the sanitary control of water and food,
the usual vehicles of these infectious agents. The dictum when applied to
respiratory infection presents a problem of far greater difficulty of solution.
The most hopeful point of initial attack would seem to be against the
viruses of common cold and influenza, which I have presented as the most
important primary agents of respiratory infection. The possibility exists
that if these two infections could be effectively prevented, all acute respira-
tory infections might simultaneously diminish as a consequence of the
interdependent relationship of the two principal groups of respiratory
pathogens, which has been suggested in the previous discussion.
The most direct approach to the control of the viral infections of the
respiratory tract would seem to be an attempt to break the line of com-
munication through the medium of the air. Could an effective method of air
sterilization be developed, success along this line might be attained. The
difficulties of developing a practical and universally applicable technique
are great and under certain types of environmental situations almost
insuperable. By the use of bactericidal substances, such as triethylene glycol
in the form of aerosols, air sterilization can be effected in limited enclosed
areas. When applied, however, to large areas with varying environmental
conditions and irregular space relationships, effectiveness diminishes to the
point of disappearance. At present only limited results can be expected.
Another method of air sterilization is by the use of ultraviolet irradiation.
Again this procedure, though effective, has a limited application. Its principal
usefulness at present seems to be the prevention of the spread of infection
through the air in schoolrooms and hospital wards. Whether either of these
two methods can be developed for such large scale use as to diminish
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significantly the incidence of upper respiratory infection remains for future
investigation to decide.
The goal of all students of infectious disease has been, ever since the time
of Pasteur, to control the disease under study by means of prophylactic
immunization. Conspicuous success has attended such an attempt in a
number of infectious conditions. The method presents an ideal approach to
the problem of controlling acute respiratory infection if only the hopefully
anticipated results could be attained, namely, immunization of the popula-
tion against the primary viruses of the respiratory tract with diminution in
the incidence of their infectious processes and, as a consequence, a tendency
of the secondary bacterial infections to disappear. This approach to the
control of acute respiratory infection is being actively explored at the
present time, and in certain areas, considerable progress has been made in
laying the foundations for the development of practical methods.
The etiology of the most prevalent types of common cold, previously a
subject of doubtful and varying explanation, has been determined. By
means of experimental inoculation of a certain primate, the chimpanzee, and
of human volunteers, typical 'colds have been produced with the filtered
bacteria-free throat washings of human subjects suffering from acute colds,
thus indicating the presence of a filterable virus as the causative agent.
Some information concerning the nature of this virus has been obtained.
The virus has been cultivated in chick embryo tissue culture and in the
embryonated hen's egg, so that the first steps toward the preparation of a
vaccine have been taken. At this point great difficulties in the way of further
advance have made their appearance. Not all investigators have been able to
cultivate the virus outside the body and further confirmation of this pro-
cedure is important. Determination by in vitro or other methods of the
presence of the virus in cultures has proved difficult and in the hands of
most investigators impossible. No small and easily available laboratory
animal has been found to be susceptible to infection with the virus. As a
consequence the essential studies concerning the character of the virus, the
variety of strains as determined by immunological techniques, and its
biological behavior in respect to range of infectivity and capacity for experi-
mental immunization cannot be carried out. Successful re-inoculation of
human beings, using the same strain of virus employed for the original
inoculation, has been possible after the lapse of three weeks, indicating that
little or no immunity results from the primary infection. The natural history
of the common cold suggests that a similar situation exists in respect to the
spontaneous cold, because of the frequent reinfections that occur at rela-
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tively short intervals. The many difficulties that impede the development of
an effective method of prophylactic immunization against the common cold
make this procedure as a method of prevention a dim and uncertain
prospect.
Study of the virus of influenza has encountered far fewer difficulties and
much valuable and substantial progress has been made. Cultivation of the
virus in tissue medium and the embryonated hen's egg has been accom-
plished by simple and easy techniques. A number of small laboratory
animals can be successfully infected both with material obtained directly
from human examples of the disease and from tissue and chick embryo
culture. As a result the necessary immunological studies in animals and
reactions in vitro can be successfully made. By means of these techniques
the action of serum antibodies against influenza virus, the development of
human immunity to the virus, and the epidemiological significance and
importance of different virus strains can all be investigated and dependable
results obtained.
Influenza virus in large amounts can be obtained by cultivation in the
embryonated hen's egg, and a usable vaccine which, on inoculation, gives
rise to demonstrable immunity in human beings has been prepared. Field
experiments on a large scale using such a vaccine for purposes of human
immunization have already been carried out with some measure of success.
Certain difficulties, however, have arisen which make the general use of
this vaccine as an effective prophylactic procedure against epidemics of
human influenza a matter of some doubt. From the early studies of influ-
enza virus there appeared to be concerned in the production of the disease
two well-defined immunological types called Influenza A and Influenza B,
one or the other being the predominant strain in successive outbreaks.
From this observation the assumption was made that adequate protection
would result from the incorporation of the two dominant strains in the
vaccine. More recent studies have indicated a wider degree of immunologi-
cal variation among strains of influenza virus, so that more extensive study
of the number of variant strains and of the possibility of natural variation
within an established type must be carried out before the necessary com-
ponents of a potentially effective vaccine can be determined. Whether use
of such a vaccine will limit the outbreaks of epidemic influenza, only future
trials can decide. The apparently short duration of immunity derived from
vaccination or from a natural attack of the disease also raises a question as
to the possibility of successful prophylactic immunization against influenza.
In view of the difficulties surrounding the prevention of acute upper
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respiratory infection by the classical methods of public health sanitation
and prophylactic immunization, should emphasis in the study of these
diseases be turned in the direction of therapy? Fortunately, those severe
bacterial infections of the respiratory tract, which have been presented as
largely secondary manifestations resulting from the effects of an initiating
viral infection, can now be generally and effectively treated with a variety
of chemotherapeutic and antibiotic drugs. These agents have greatly les-
sened the seriousness and fatal effects of infection of the respiratory tract
with those dangerous pathogens which were such prevalent causes of
disability and death in the past. Certain antibiotic substances have already
been discovered which exert a curative effect on rickettsial and some virus
diseases, including in the latter class primary atypical pneumonia. Studies
directed toward this field of therapeutic activity should without doubt be
vigorously pursued in the hope that viruses of the type of common cold and
influenza may be brought within the range of chemotherapeutic action.